INTRODUCTION
============

Correction of vesicoureteral reflux (VUR) with endoscopic injections was first described by Matouschek \[[@B1]\] and has been widely accepted since the pioneering work of O\'Donnell and Puri \[[@B2]\]. This treatment has become the preferred therapy at selected centers because it is simple, generally obviates the need for long-term antibiotic prophylaxis, and often eliminates open surgery in selected children, especially in cases of intermediate and high-grade VUR \[[@B3]\]. Success rates of endoscopic therapy may be affected by factors such as anatomic variations, dysfunctional voiding, nephropathy, and ureteral dilatation grade as well as by appropriate application of the surgery technique \[[@B4],[@B5],[@B6],[@B7]\]. In the endoscopic correction of VUR, polytetrafluoroethylene and then bovine collagen and Macroplastique bulking agents have been used as injection materials but have been replaced by dextranomer hyaluronic acid (DxHa) because of complications with their use.

New modifications of the subureteric transurethral injection (STING) method have been made to increase the success rate of this method \[[@B8]\]. The modified STING procedure (hydrodistention technique, HIT) applied by Kirsch et al. \[[@B9]\] is one of the most widely accepted and frequently used modifications of the STING method. In the present study, we aimed to compare our results with the endoscopic treatment of reflux by use of the standard STING and HIT. We began to use HIT at our hospital to increase success rates in the treatment of VUR in children.

MATERIALS AND METHODS
=====================

Between June 1999 and September 2010, 149 patients with 214 refluxing ureters of grades II, III, and IV were treated endoscopically at our hospital. We conducted the study retrospectively including those patients. Ethics Committee approval was obtained from our hospital\'s Ethics Committee. We considered grades II and III reflux as middle-grade reflux and grade IV as high-grade reflux. We used a standard technique with other injection materials from 1994 until 1999, the results of which were excluded from this study. In the present study, we included the cases since 1999 for which we used DxHa as an injection material. We used the standard STING procedure described by O\'Donnell and Puri \[[@B2]\] between 1999 and 2005 and have been using Kirsch\'s HIT since 2005. The results of both techniques were evaluated retrospectively in two groups. Group 1 included the patients who underwent the standard STING procedure, and group 2 included the patients who were treated with the HIT.

VUR was determined in the patients included in the study by use of voiding cystourethrogram (VCUG). VUR was graded according to the International Reflux Study Group classification. Renal scarring was evaluated with renal ultrasonography and dimercaptosuccinic acid scan preoperatively. Surgical indications were febrile urinary infection despite antibiotic prophylaxis, recurrent pyelonephritis, renal scar development, high-grade reflux, and persistent reflux despite antibiotic therapy.

We included in our study patients with grades II, III, and IV reflux. Grade I patients were not included because of the possibility of spontaneous resolution, and grade V patients were excluded because of the probability of significant changes in anatomic structure. Also, the patients who had undergone previous endoscopic injection with different injection materials, had undergone previous surgery for VUR, had neurogenic bladder, or had anatomic abnormalities such as complete duplication were excluded. The evaluation was made only for the reflux grade and the results of the technique. Predictive factors affecting success, such as age, localization, and type of orifice, were not evaluated in this study. We did not include the patients admitted to our clinic after 2010 because of the insufficient follow-up period.

There were 44 girls and 10 boys (80 ureters) in group 1, and 68 girls and 27 boys (134 ureters) in group 2. Distribution of the reflux grades was 13, 49, and 18 ureters for grades II, III, and IV in group 1, and 16, 69, and 49 ureters for grades II, III, and IV in group 2, respectively. The mean patient age was 7.62 years (range, 18-144 months) in group 1 and 6 years (range, 2 months to 18 years) in group 2. Mean follow-up was 24 months (range, 18-36 months).

DxHa injection was applied to all patients. The mean injection material used was 0.9 mL (range, 0.5-2 mL) in group 1 and 1 mL (range, 0.5-1.6 mL) in group 2. Operations were performed by three surgeons with 10 to 20 years of experience in VUR (open or STING surgery). DxHa started to be used as the only implant material at our clinic in 2001.

1. Surgical technique
---------------------

The techniques used for the correction of VUR were the standard STING technique (between 1999 and 2005) and the modified STING technique (since 2005). In both techniques, endoscopic injection was performed with the patient under general anesthesia in the dorsal lithotomy position. Before the injection, prophylactic antibiotics were given. Only patients with sterile urine were injected. We used a 9.5-Fr pediatric cystoscope (Karl Storz, Tuttlingen,. Germany) and a 3.7-Fr needle. The standard technique was applied, as Puri and O\'Donnell described, by injecting the material to the terminal submucosal ureter by introducing the needle from approximately 0.5 cm below the refluxing orifice at the 6 o\'clock position. In the modified STING procedure, as Kirsch described, a pressured stream of irrigation fluid was directed into the refluxing ureter so that the ureter injection site could be defined. Then, the needle was introduced approximately 4 mm into the orifice at the 6 o\'clock position. In both techniques, the procedure ended with the determination that the ureteral submucosa was raised up, a volcano-like mound was seen, and coaptation was sufficient.

2. Patient follow-up protocol
-----------------------------

Ultrasonography was performed in the first week after the operation to rule out any obstruction or progressive deterioration. A cystourethrogram was performed in the third month after the injection to evaluate the possibility of reflux recurrence. Patients with grade I reflux and higher were considered as partial or nonresponders. Among these patients, those with grade I reflux were taken to follow-up and patients with grade II reflux and higher were offered a second or third injection. Reinjection was performed in the same manner as for the previous injection. The patients not cured following injections were offered ureteral reimplantation. The patients with no reflux were followed up at 6, 12, and 24 months by VCUG. The first- and second-year follow-up results of the patients were also evaluated.

SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA) was used for the analysis. Categorical variables were compared by the chi-square test, and Student t-test was used for injected volume and age. Continuous variables were compared by using Student t-test. Statistical significance was considered at p≤0.05.

RESULTS
=======

A total of 80 ureters for group 1 and 134 for group 2 were treated for VUR. Analysis of the patient\'s demographic information and volumes of injection material applied did not reveal a significant difference between the groups ([Table 1](#T1){ref-type="table"}). There was no statistically significant difference between the groups in terms of demographic information or reflux grade.

In the first injection, 54 ureters in group 1 and 94 in group 2 were treated. In group 1, reflux was cured after the first injection in all of the ureters with grade II reflux (13/13, 100%), in 32/49 ureters with grade III reflux (65.3%), and 9/18 ureters with grade IV reflux (50%). In group 2, reflux was cured after the first injection in all of the ureters with grade II reflux (16/16, 100%), in 51/69 ureters with grade III reflux (73.9%), and in 27/49 ureters with grade IV reflux (55.1%). There was no statistically significant difference in the success rates between the two groups for the first injection (not shown). Evaluation was performed on the basis of the three injection results through the overall success rate ([Table 2](#T2){ref-type="table"}).

A second injection was applied to 26 patients in group 1 and 40 patients in group 2 who were considered as nonresponders and partial responders following the first injection. After the second injection, a third injection was applied to 21 uncured patients in group 1 and to 30 uncured patients in group 2. Ultimately, treatment was considered unsuccessful in 19 patients in group 1 and in 23 patients in group 2. The overall success rates increased to 36/49 (73.4%) and 12/18 (66.6%) for grades III and IV, respectively, in group 1, and to 58/69 (84.5%) and 37/49 (75.5%) for grades III and IV, respectively in group 2 ([Table 2](#T2){ref-type="table"}).

In the evaluation of the overall success neglecting the grades, no significant difference was found in the first- and second-year results between groups 1 and 2. In terms of successes by grades, in grade II reflux, no statistically significant difference was observed between the successes of the two groups. The modified STING method seemed to be more successful in ureters with grade III reflux, although this difference was not statistically significant. There was a statistically significant difference between the two groups in grade IV refluxed ureters ([Table 3](#T3){ref-type="table"}). Because the number of patients was small, however, this difference did not affect the overall success, and no statistically significant difference was observed between the groups in terms of overall success rates.

At the end of the first year, 13 cases of downgraded reflux and 8 cases of persistent reflux were observed in group 1, and 17 cases of downgraded reflux and 9 of persistent reflux were observed in group 2. In the second year of follow-up, 2 patients in group 1 and 3 patients in group 2 were recovered.

The overall cure rate after the second and third injections increased to 76.2% in group 1 and to 82.8% in group 2 ([Table 3](#T3){ref-type="table"}). In group 1, 11 refluxing units were downgraded to grade I (13.7%) and these patients were moved to follow-up. Eight patients in group 1 were directed to open surgery (10%) (Cohen ureteroneocystostomy). From the 23 patients in group 2, 14 were downgraded to grade I reflux (10.4%) and were moved to follow-up, and 9 persistent refluxing ureters were reimplanted (Cohen ureteroneocystostomy) (6.7%). Downgraded cases were moved to follow-up.

In the postoperative period, temporary dilatation developed in 4 patients in group 1 and in 7 patients in group 2. This temporary dilatation disappeared in the first week of weekly follow-ups. Contralateral grade I reflux was observed in 2 of the patients but resolved spontaneously during the follow-up period. Infection developed in 8 patients and their duration of hospitalization was extended for 5 more days, and 3 patients had transient hematuria resolving spontaneously. Flank pain developed in 7 patients, which was relieved by analgesics.

DISCUSSION
==========

The management of VUR in children is controversial. The traditional therapy of VUR is either long-term antibiotic therapy or surgery. Since the first endoscopic injection with Polytef by Matouschek \[[@B1]\] in 1981, endoscopic therapy has been used as an alternative to open surgery.

Different methods have been tried to increase the success rates of endoscopic treatment of VUR. One of the techniques described to increase success rates is the HIT, which was defined by Kirsch et al. \[[@B9]\] in 2004 and which we discuss in this study. Kirsch et al. \[[@B9]\] reported an increase in the success rate in patients with reflux from 79% to 89% by use of the HIT. The caudal migration of the injected material in the standard STING procedure might result in inefficiency. This migration will occur along the tunnel with the modified STING procedure and will contribute to ureteral stabilization.

In the studies by Cerwinka et al. \[[@B10]\], Sung and Skoog \[[@B11]\], and Capozza and Caione \[[@B12]\], different operative techniques were described in which a better ureteral coaptation was reported, and the success rates were around 90%. Although there are differences in the success rates of different techniques and also new materials and methods that have contributed to success, it should be kept in mind that the experience of the surgeon also has a direct effect on the treatment of VUR \[[@B13]\]. The success rates could also increase with small combinations of different technical nuances such as gauge, volume of the injected material, and determination of best needle placement, which depend on the experience of the surgeon \[[@B14]\].

Use of the HIT after multiple injections contributed to the treatment of our patients (overall success, 76.2% to 82.8%), but the results were not statistically significant except for the patients with grade IV reflux. As in several other studies, we obtained the highest rates of success in lower grade reflux. The 100% success rate we obtained in grade II reflux gradually decreased in grades III and IV reflux. The differences observed in the overall success rates between groups 1 and 2 were not statistically significant. On the other hand, although the difference observed between the groups in grade III reflux was not statistically significant, there was a trend toward significance for the modified STING technique in group 2. This trend needs to be confirmed by studies in a larger series. We think that the statistical difference found to be significant between the groups in grade IV was because of the better ureteral stabilization with the HIT as mentioned in previous studies \[[@B9]\]. The trend towards success mentioned here is encouraging for future studies.

In the studies of Gupta and Snodgrass \[[@B15]\] and Routh and Reinberg \[[@B16]\] where two different injection techniques were compared, no significant statistical difference was found between the techniques. Routh et al. \[[@B13]\] stated that the success obtained in favor of the HIT did not produce a statistical difference, whereas there was a statistically significant difference between the experience of the surgeon and VUR grade. Our study differs from those studies because of the higher success rates obtained by use of the HIT in grade IV reflux following multiple injections.

By applying the HIT used by Kirsch et al. \[[@B9]\], our success rate increased from 76.2% to 82.8%. Our HIT results seem to be lower than the results reported in the study where Kirsch first described the technique. This could be explained by the greater number of patients with grades III and IV refluxed ureters in our group (118/134, 88.1%). As Routh and Reinberg \[[@B16]\] pointed out, lower rates of success are an expected result in higher grade reflux. For example, whereas the success rate was 81% in grade I reflux, it was only 62% in grade V reflux \[[@B17]\]. Lavelle et al. \[18\] reported similar results. They treated their patients who had grade I to IV VUR with the HIT and determined the overall success rates to be 81.8%, 83.8%, 77.7%, and 72.7% for grades I to IV, respectively. Thus, they also had lower success rates in higher grades. Our HIT results for grades III and IV were consistent with those of Lavelle et al. \[[@B18]\]. We believe that with more experience in the HIT and with a larger patient population, our success rates will increase.

The aim of the STING procedure has been to increase the success rate with a single injection. Application of second and third injections increases the success rates. However, every additional operation may cause an increase in complications (e.g., dilatation, infection, hematuria) and costs, as we encountered at our clinic. Holmdahl et al. \[[@B19]\] reported in their study in which they used standard or double HIT to correct VUR that VUR resolved completely or downgraded to grade I after the first injection in 71% of grade III and 52% of grade IV refluxing ureters. In our HIT group, with the first injection, VUR resolved completely in 73.9% of grade III and 55.1% of grade IV refluxing ureters. It may seem that our results are similar to those of Holmdahl et al. \[[@B19]\]. However, our results differ in that our group did not include patients downgraded to grade I.

It has been speculated that dilatation of the upper tract, which can occasionally be seen on the ultrasound following injections, is probably due to focal edema, because it always disappears spontaneously a few days later. In the presence of persistent dilatation, initially, a ureteral stent is placed and the patient is followed up. If the problem remains after the stent is removed, open surgery may be applied \[[@B20]\]. In our group, dilatation developed in 11 patients and was resolved in the first week. The reason for dilatation may be due to the higher volume of injection material. The reflux grade of 2 patients who developed contralateral reflux was grade I. In the follow-up, their refluxes disappeared spontaneously without any treatment. We did not encounter any other serious complications during the short- and long-term follow-up.

CONCLUSIONS
===========

The modified STING procedure contributed to our success rates, but only the results for grade IV reflux were statistically significant. We preferred this method for its easy application, short learning curve, and effectiveness. We believe that the HIT could provide urologists with increased success rates as the patient population and surgeon experience increase. We also believe that there is a need to conduct studies with larger patient populations to evaluate the success rates of different techniques.
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Values are presented as number (%) or mean±standard deviation.
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Results of the first, second, and third injections
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STING, subureteric transurethral injection.

^\*^p exact value: 0.046.
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Overall success rates according to grades of vesicoureteral reflux and results after 12 and 24 months
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Values are presented as number (%).

STING, subureteric transurethral injection.
